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Abstract 
The term wildfire regime refers to the wildfires characteristics in a given region during a given period of time. Here 
we examine one aspect of the wildfire regime, burned area frequency-area statistics of wildfires, for different regions 
of Spain, as defined by climate zones, for the period 1988-2007. We use the EGIF (General Statistics of Wildfires) 
database from the MARM (Ministry of Environment and Rural and Marine) using the Reports of Wildfires of the 
Autonomous Communities. An initial exploration of data showed some inconsistency in reporting sizes of fire both 
spatially and temporally, with in general underreporting of fire sizes below about 1 ha. For the five climatic regions 
examined, frequency-area statistics showed robust inverse power-laws, with exponents ranging from 1.54 to 1.99. We 
found that in Spain, lower values tended to correlate with Mediterranean climate regions, and higher values with 
Oceanic climate region. The use of frequency-area statistics characteristics has allowed us to examining the spatial 
and temporal variability of the power-law exponents. The characteristics of these values might further inform the 
complex environmental and human factors that have changed both spatially and temporally in Spain.  
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1. Introduction 
Wildfire has traditionally shaped Mediterranean landscapes as they have impacted soil and vegetation 
composition throughout a long history. However, the actual climatic, ecological and social impacts of 
wildfire strongly depend on wildfire characteristics. Therefore, the analysis of these characteristics, which 
are commonly referred to as wildfire regimes, is critical to better understand wildfire effects [1]. The 
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statistical distribution of the wildfire size is one key indicator of wildfire regimes, and provides interesting 
insights to improve. The knowledge of the frequency-area is useful in forest and wildfire management [2]. 
While a variety of terms of the concept frequency-area statistics of wildfires have been cited, this paper 
will use the one employed by Malamud et al. [3, 4]. 
Several recent papers have analysed wildfire frequency-area statistics. Millington et al. [5] and Cui and 
Perera [2], reviewed the most relevant studies. Many of them have found that wildfires show a robust non-
cumulative power-law distribution over many orders of magnitude [3, 4, 6]. In other words, the 
frequency-are distribution follows a power-law, with many small wildfires, fewer medium ones, and very 
few large ones. In the case of wildfires, the few large wildfires account for most of the total burned area. 
Previous studies of wildfire frequency-area distributions in Spain have been focused on small 
geographic areas [7, 8]. Here, we examine the frequency-area distributions of wildfires for the whole 
country using climate regions as spatial units. 
The input data comes from the historical wildfire database [9] maintained by the Spanish Ministry of 
the Environment for the period of time 1988-2007. First, we will examine the wildfire data at national 
scale. Then, we will analyze the frequency-area statistics for five climate regions for 20 years. 
1. Data and Methodology 
1.1. Data  
    The Spanish EGIF (General Statistics of Wildfires) database is one of the oldest ‘complete’ wildfire 
databases in Europe, beginning in 1968 [9]. It has been compiled by the MARM (Ministry of 
Environment, Rural and Marine affairs) using Forest Fire Reports of the autonomous regions. Every 
wildfire is georeferenced to a 10 km x 10 km UTM grid according to the ignition point. The database was 
evaluated to check the quality of the data. We corrected some inconsistencies and excluded obvious errors 
from further analysis. We have considered all wildfires in the database from 1988-2007, irrespective of 
their ignition source. However, the period of study was shorter for one of the autonomous communities, 
because the wildfire reports were not recorded during some years. From the 360,672 wildfires included in 
our analysis, the smallest reported affected 0.01 ha. Table 1 summarizes statistics for the number of 
wildfires and area burned by climate regions. 
 
Table 1. Frequency-area statistic by climate regions of wildfires with AF   0.01 ha from EGIF database for 1988-2007. For every 
region is given the following: area (ha); AFT (ha) is the total area burned; NFT  is the total number of wildfires; constants ȕ and logĮ 
are from Eq. (1). Error on both ȕ and logĮ are calculated as ±2ı (standard deviation of ȕ and logĮ) using the least square method. 
The best fit estimated was for log[ƒ(AF)]  = -ȕ log[AF] + logĮ. Also the coefficients of determination r2 are given. 
 
Climate regions Region area (ha) AFT (ha)        NFT ȕ logĮ r2
Mediterranean  Continental  30,268,951 1,201,421 75,488 1.72 ± 0.25 -3.15 ± 0.63 0.985
Mediterranean  Mountain 4,103,809 169,155 10,591 1.54 ± 0.23 -3.52 ± 0.47 0.993
Mediterranean  Coast 4,787,752 422,594 24,499 1.59 ± 0.25 -3.10 ± 0.55 0.989
Oceanic 6,968,116 1,496,845 236,515 1.99 ± 0.28 -1.65 ± 0.28 0.984
Mountain 3,240,205 155,459 13,579 1.73 ± 0.26 -2.85 ± 0.58 0.994
Totals 49,368,913 3,445,474 360,672
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    Fig. 1 shows the climate regions that were used as basic spatial unit for analysing the spatial diversity 
of frequency-area statistics of wildfire. The original map data had 17 classes [10] defined using 
temperature and precipitation characteristics, but here we simplified it to 5 classes to make sure that the 
number of wildfires in every region is robust enough to carry out our statistical analysis (i.e. ensuring 
enough data in every climate region). To classify the wildfires data into the climate regions given the 
spatial resolution of the EGIF database, we first calculated the centroid of every grid cell of the grid, and 
then spatially joined the grid and the climate regions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Spanish climate regions used in this study.  
1.2. Methods 
    The frequency area statistics were calculated according to the procedure used by Malamud et al. [3, 4] 
who suggested that frequency-area statistics distribution fit with a power-law distribution defined as: 
ᐦሺ	ሻൌȽ	ȂȾ(1) 
where ƒ(AF) is the frequency density, AF the burned area, and Į and ȕ are constants. We used the 
frequency densities ƒ(AF) defined as the number of wildfires per ’unit‘ bin:    
                                                                         ᐦሺܣிሻ ൌ
ఋேಷ
ఋ஺ಷ
                                                                        (2) 
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where AF is the wildfire burned area and įNF is the number of wildfires in a ’bin‘ of width įAF. Because 
the power-law distribution is heavily non-symmetrical, the width of the bin is increased in equal 
logarithmic coordinates. To be able to compare the results between the climate regions, the frequency 
densities ƒ(AF) (wildfires ha-1) was normalized by the area of each climate regions (ha), to get the 
normalized frequency densities ƒ(AF) (wildfires ha-2). Eq. (1) is equivalent to a linear relationship on a 
log-log scale. Therefore plotting the normalized frequency densities ƒ(AF) as a function of the wildfire 
area AF, we estimated the best fit for log[ƒ(AF)] = -ȕ log[AF] + logĮ. The constant ȕ is the gradient and 
indicates the scaling of wildfire sizes. The constant ‘logĮ’ is the y-intercept and is log[ƒ(AF)] when AF = 1 
ha. Both parameters will be used to analyse the frequency-area distribution. When ȕ = 0, the number of 
large wildfires is equal to the number of small wildfires, per ’unit‘ bin; as ȕ increases, the ratio of the 
number of small wildfires to medium wildfires increases.  
2. Results 
2.1. Frequency-area statistics of wildfires in Spain by climate regions. 
    The results obtained from the frequency-area analysis by climate regions are shown in the Table 1. All 
climate regions followed a power-law relationship over four orders of magnitude with excellent fits, r2  
0.98 (See Fig. 3. Two examples are showed.). The values of ȕ ranged from 1.54 to 1.99. Two ±2ı 
(standard deviation) errors of both the parameters ȕ and log Į are given, equivalent to the lower/upper 
95% confidence intervals assuming a normal distribution. The largest value is for the Oceanic climate 
region (ȕ = 1.99). The smallest value is for the Mediterranean Mountain climate region (E = 1.54). The 
vertical error indicates two standard deviation of the normalized frequency densities calculated 
asേʹඥɁ ிܰ . 
 
 Fig. 3. Normalized frequency-area statistics of wildfires for Oceanic and Mediterranean Mountain climate regions in Spain from 
1988-2007. The x-axis AF (ha) present the burned area and the y-axis ƒ(AF) (wildfires ha-2) the normalized frequency densities.  
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    A spatial distribution of ȕ values of each climate region are show in the Fig. 4. There is a clear 
increasing trend values from east/southeast to west/northwest. 
 
 
 
Fig. 4. Spatial distribution of ȕ values by climate regions based on n = 360,672 wildfires with AF  0.01 ha from the EGIF database 
during 1988-2007 using Eq. (1), with values taken from Table 1. 
 
3. Discussion 
      This study examines the frequency-area statistic of wildfires in Spain. As mentioned, several studies 
have been found that frequency-area statistic show a robust power-law distribution over different orders 
of magnitude. This finding is confirmed by the results of this study, in each of the five climate regions 
analyzed. Lower values of ȕ were found in Mediterranean climate regions and higher values in Oceanic 
climate, showing a general increasing from east/southeast to west/northwest. These differences can be 
explained partly by climate. However, in the northwest of the country the wildfire activities are associated 
to agricultural practices. Moreover, the landscapes are more fragmented in that area comparing with 
Mediterranean areas. There are, however, other possible explanations, as the management and 
suppression policy of the wildfires is under the authority of every Autonomous Community, and therefore 
could differ between the regions due to different suppression practices. Using data from environmental 
and human factors could be included in future research to better understand underlying driving processes.  
      The results presented here are consistent with other works (e.g., [4, 6]) which found that wildfire 
exhibit robust frequency-area power-law behaviour, although it does differ from some published studies 
(e.g., [7, 8]) which found that only intermediate wildfires sizes fit a power-law distribution. However, 
even in our own studies, it was found that better frequency-area inverse power-law fits were obtained 
when considering AF  1 ha, therefore it is possible smaller wildfire sizes are underreported in our 
original data set. 
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4. Conclusions 
Frequency-area statistics of wildfires in Spain, as an indicator of wildfire regimes were analysed in this 
study. The methods for estimating the frequency-area statistics may be applied elsewhere. The results 
obtained confirm previous findings, finding a robust power-law distribution of wildfire sizes and spatially 
segregated by climate region. They suggest that in general the ratio of the number of large to small 
wildfires increases from east/southeast to west/northwest in Spain, being higher in the Oceanic climate 
region.  
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